The protoplast fusion of Mucor pusillus and M. miehei was studied to develop a breeding system for the microbial rennin-producing Mucorales fungi. High yeilds ofprotoplasts from young germlings of these fungi were obtained by using an enzymesystem containing Streptomyces No. 6 chitosanase, a commercial chitinase and sulfatase. Approximately 1 -10% of these protoplasts regenerated on a solid mediumwith a soft agar overlay. Intraspecific hybridization between M. pusillus strains, as well as interspecific hybridization between M. pusillus and M. miehei was brought about by protoplast fusion, in the presence of polyethylene glycol in rather high frequencies (5~40%). Several hybrid strains between (+) and (-) strains of M. pusillus showed stable homothallic properties.
Mucor rennin was discovered in Mucor pusillus by Arima et al. as the first microbial milk-clotting protease that can be successfully substituted for calf rennin (chymosin) in industrial cheese production.1~3) A similar type of milk-clotting enzyme was also found in M.
miehei, a closely related member of the Mucorales.4'5) Both enzymes share a common antigenic structure but there are some differences in their peptide sequences and glycosyl moieties.6'7)
The two enzyme-producing fungi are quite similar in morphology and are thermophilic unlike all other species of the genus Mucor. The only difference between them is in their mode of sexual reproduction. M. pusillus is heterothallic and forms zygospores by crossing between different mating types, (+) and (-), while M. miehei is homothallic. 8'9) Analysis of the genetic determinants for mating types will throw light on the phylogenic relationship between these thermophilic
Mucor species. Genetic analysis of the enzyme productivity will be useful for improving the industrial strains.
Heterokaryon formation by protoplast fusion seems to be an effective way to genetically analyze the Mucor species whose sexual zygospores hardly germinate after long dormancy.
There are many reports concerning intra-and interspecific protoplast fusion of filamentous fungi including Aspergilluslo~12) and Penicillium}3)
However, little effort has been made for the fusion of Mucorales fungi. Recently, Lasker and Borgia14) reported intraspecific heterokaryon formation by protoplast fusion of M. racemosus with a frequency of about 5%.
The present study was undertaken to develop an effective method for obtaining inter- Sporangiospore suspensions of parental strains (2 x 108/ ml) in 0.5 m Tris-HCl buffer, pH 9.0, were treated with Nmethyl-TV'-nitro-TV-nitrosoguanidine for 30 min at 30°C to give a 1 -10% survival ratio. The concentration of the mutagen was 0.2 mg/ml for M. pusillus and 1 mg/ml for M. miehei. Auxotrophic mutants were concentrated by a method similar to that of Woodward.20) The mutagenized spores were suspended in the liquid minimal medium at a concentration of 106/ml and incubated aerobically with shaking at 30°C. After about 20~30hr, the cultures were filtered through a small cotton column to removegermlings of parental type cells, and ungerminated spores in the filtrates were collected by centrifugation and resuspended in fresh medium. Cultivation and filtration were repeated 4~5 times, and then the spores were plated on plates of complete agar medium. The density of spores (1.5 x 106/ ml) was reduced to about 2x 102/ml by this procedure.
Colonies that appeared after incubation for 2 days at 30°C weretransferred to fresh complete agar plates, and the resulting colonies were checked for growth on the minimal agar medium. About 5% of the colonies of M. pusillus thus tested showed no growth, while 6%of the colonies of M. miehei showed extremely slow growth. Isolation and re- and the combined use of sulfatase and 2 mg/ml of chitinase with chiosanase gave the highest yield ofprotoplasts which exceeded 6 x 106/ml. 2) Effect of osmotic stabilizers. Sorbitol, mannitol, KC1, and MgSO4were examined as osmotic stabilizers for protoplast formation. As shown in Fig. 2, 0 .5m sorbitol and mannitol showed a better protective effect than salt solutions. Theoptimumconcentration of sorbitol was about 0.35~0.5m. Increasing the concentration over 0.75m caused a marked decrease in the protoplast yield (Fig. 3). 3) Effect of pH. The optimum pH for protoplast formation on combineduse of these enzymes was determined using 0.01 m phosphate buffer containing 0.35m sorbitol. The maximumyield ofprotoplasts was obtained at pH 6.0 (Fig. 4 ). Origins of chitosanases and their concentrations were Bacillus R-4, lOmg/ml (A), B. circulans WL-12, lOmg/ml (A), Myxobacter AL-1, 1.5 mg/ml (#), and Streptomyces No. 6, 2.5mg/ml (O), respectively. Chitinase (2mg/ml) and sulfatase (lOmg/ml) were added in all the experiments. The concentration of germlings was 107/ml. Incubation conditions were identical to as in Fig. 1 .
4) Comparison of various microbial chitosanases. Crude chitosanase preparations from
20 >*. Youngsporangiospores of parental strains of M. pusillus begin to swell immediately after inoculation in liquid YpGmedium when incubated at 30°C with shaking, and outgrowth of the mycelium starts just after 13hr incubation. The best protoplast yield was obtained with germlings at such a stage (Fig. 7) ., The germlings could be completely converted) into protoplasts by treatment with an enzyme mixture containing Streptomyces chitosanase, chitinase and sulfatase in 4~5hr at 22°C or in 2-3hr at 25°C. Incubation at 30°C of higher caused a decrease in the protoplast yield. Direct spreading of protoplasts on the plate without overlaid soft agar caused a marked Three patterns of regeneration were distinguished: budding (A), protrusion (B), and direct mycelial growth (C).
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decrease in the ratio. No significant difference was observed between regeneration ratios on the complete and minimal media. Regeneration of these protoplasts occurred also in the liquid media containing a stabilizer.
As shown in Fig. 8 , various forms of regeneration, i.e., budding (A), protrusion (B) or direct mycelial growth (C), from protoplasts could be observed after incubation with slow shaking (50-60 strokes/min) at 30°C for 10hr. Most of these cells developed into complete mycelia on further incubation.
Conditions for protoplast fusion
Polyethylene glycol (PEG) and Ca+ + ions are widely used to stimulate fusion of protoplasts from various organisms.25 '26) In order to determine the concentration of PEGnecessary for protoplast fusion of M. pusillus IFO 4579 (-), the extent of protoplast aggregation was measured at various PEGconcentrations by counting apparent numbers of regenerating colonies. Washedprotoplasts were centrifuged and suspended in solutions containing PEG 4000 at various concentrations with 60mM CaCl2. After incubation for 15min at room temperature, sorbitol was added to a final concentration of 0.4m and the protoplasts were plated. As shown in Fig. 9 respectively. Since the germination ratio of spores of these auxotrophic strains was relatively low, it was necessary to remove ungerminated spores by filtration through glass filter No. 3. Germlings thus collected on the filter were suspended at a concentration of 1.5 x 106/ml in 0.01 m sodium phosphate buffer, pH 6.0, containing 0.4m sorbitol, and Streptomyces No. 6 chitoanase (2.5mg/ml), chitinase (2mg/ml) and sulfatase (lOmg/ml) were added. After incubation for 2~3hr at 24~25°C, almost all germlings became protoplasts. They were centrifuged at 1,000 x g for 15min, washed and suspended in the buffer containing stabilizer. Two suspensions containing 1 x 106 protoplasts each were mixed, centrifuged, and the pelleted protoplasts were suspended in 0.5 ml of 45% PEG 4000 containing 60mM CaCl2 by gentle mixing. After incubation at roomtemperature for 15 min, 3 ml of the stabilizer buffer was added, and 0.1 ml aliquots were then plated on minimal and complete agar plates containing 0.4m sorbitol with a 5 ml overlay of 0.5% agar. Colonies that appeared after 1-week incubation at 30°C were counted. Table I showsthe sumof the colony numberson seven plates in each crossing experiment which corresponds to 2 x 105 original protoplasts pairs. The frequency of heterokaryon formation was calculated from the ratio of the numbers of colonies on the minimal medium to that on the complete medium. Not only intraspecific fusion between the same or different mating type strains of M. pusillus but also interspecific fusion between M. pusillus 'and M. miehei gave heterokaryons with rather high frequencies of 5~40%. The frequency of heterokaryon formation against the initial number ofprotoplast pairs was 3.5x 10~5~2.5x 10"4.
Properties of heterokaryons
Ten to 20 colonies of heterokaryons that appeared on the minimal agar mediumof pH 3.0 were transferred to the minimal agar medium of pH 4.5 and their growth was examined. Most colonies showed fairly good growth. M. pusillus, they were transferred to YpSs medium.Most of them segregated sectors of parental auxotrophs, and zygospores were formed only at the boundaries between the sectors. However, several fused strains grew uniformly on YpSs medium just as they grew on the minimal medium, and formed zygospores on the whole surface of colonies, as is the case with M. miehei (Fig. 10) . They seemed to be homothallic. This property was maintained for at least 4 transfers on the minimal medium. This mightbe due to the fusion of(+) and (-) 
